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When Is a Prognostic Factor Useful?: A Guide
for the Perplexed

By M.N. Levine, G.P. Browman, M. Gent, R. Roberts, and M. Goodyear

Traditionally, a number of variables have been used to
predict ouicome in patients with early-stage breast
cancer. These tests are simple to perform and rela-
tively inexpensive. Recently, a number of new factors,
eg, tumor proliferative index, nuclear DNA content,
and amplification or overexpression of growth-promot-
ing genes or oncogenes have been identified as poten-
tial predictors of outcome in patients with breast
cancer. There is now increasing pressure to introduce
such tests into routine clinical practice. How does a
clinical practitioner identify which test, or group of
tests, best predicts adverse outcome and whether any
more clinically useful information is provided than
with the use of more traditional factors alone? The aim
of a prognostic test in breast cancer is to predict which
patients are destined to develop a recurrence of cancer
and those who are not. The prognostic usefulness of a
test can be expressed in terms of relative risk (RR),
which is the ratio of the risk of breast cancer recur-
rence in patients who test positive to the risk in those

RADITIONALLY, a number of baseline char-
acteristics, eg, number of involved axillary
nodes, tumor size, hormone receptor status, and
histology, have been used to predict outcome in
patients with early-stage operable breast cancer.!
In recent years, based on experimental studies in
the laboratory at the cellular and molecular levels,
there have been a number of clinical studies
examining the prognostic ability of newer tests.
Interest in such tests has been stimulated by
clinical trials of adjuvant systemic therapy in
patients with node-positive, and more recently,
node-negative breast cancer.”* The prediction of
clinical outcome is particularly important for the
latter group of patients in whom treatment could
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who test negative. Methodologic guidelines that should
be satisfied by a study evaluating the predictive ability
of a test include the following: (1) Was an inception
cohort assembled? (2) Was the referral pattern de-
scribed? (3) Were laboratory and clinical outcomes
assessed in a blinded fashion? (4) Was complete
follow-up achieved? (5) Was adjustment for extrane-
ous prognostic factors carried out? (6) Were appropri-
ate statistical methods used? An approach is sug-
gested to help the clinician choose the test, or
combination of tests, likely to discriminate between
“high-’’ and “low-risk’’ patients in his/her own prac-
tice. The decision regarding what particular threshold
value (risk) defined by a prognostic test (or series of
tests) warrants adjuvant therapy for an individual
patient is a complex one but should be based on a
clear presentation of the risks and benefits to the
patient.

J Clin Oncol 9:348-356. © 1991 by American Society of
Clinical Oncology.

potentially be tailored to the patient’s risk of
recurrent breast cancer (although high failure rate
may not be synonymous with high responsiveness
to adjuvant therapy). The recent National Cancer
Institute (NCI) Clinical Alert has been inter-
preted by many oncologists as recommending
adjuvant systemic chemotherapy for all women
with node-negative breast cancer.”® Considerable
controversy has ensued and the arguments are
well documented.>” One approach that seems to
be emerging is to reserve adjuvant therapy for
those node-negative patients who can be identified
as being at high risk for recurrence and death.
Newer prognostic tests have been, and are being,
evaluated in the research setting, but there is now
increasing pressure on the oncologist to introduce
them into routine clinical practice.

The clinical oncologist and laboratory physician
are faced with an array of new prognostic factors
including among others, DNA ploidy, S phase
fraction labeling index, neu oncogene expression
and amplification, epidermal growth factor recep-
tor expression, and activity of various proteases,
eg, cathepsin D.*' How does a clinician identify
which test, or group of tests, best predicts adverse
outcome and whether any more clinically useful
information is provided than by the use of more
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traditional factors alone? Such questions are clearly
clinically relevant but are also important because
of increasing health care costs.

This report focuses on methodologic issues that
should be considered when identifying new prog-
nosticators in early-stage breast cancer. Our objec-
tive is to examine some of the important method-
ologic issues related to studies of predictive tests
in node-negative breast cancer in order to help
clinical oncologists decide whether a test is likely
to be useful in the management of their own
patients. In addition, it is hoped that investigators
will keep such issues in mind when publishing
studies on new predictive tests in breast cancer.
We will not attempt to judge which tests, old or
new, are best for predicting outcome. Although
the ideas contained in this discussion may be of
general interest, their specific application assumes
that there is a sizeable population of medical
oncologists who agree with the strategy of reserv-
ing adjuvant chemotherapy for “high-risk” pa-
tients with stage I breast cancer.” It is also assumed
that recommendations regarding treatment in indi-
vidual patients occurs within the context of in-
formed and open disclosure of information to
patients in the decision-making process.

METHODOLOGIC PRINCIPLES
A Test Used for Prediction

Tests are used in clinical medicine for a number
of reasons: (1) to determine whether a patient has
a disease of interest (diagnosis), (2) to determine
whether a patient will develop a certain condition
(prediction), and (3) to follow the clinical course
of a disease, eg, response to therapy. The charac-
teristics of diagnostic tests are described by their
sensitivity, specificity, and positive and negative
predictive values.”” These are easily understood by
referring to a 2 X 2 table in which the test result is
displayed according to the condition under study
(Table 1).

The aim of a prognostic test in breast cancer is
to predict for an individual patient the likelihood

Table 1. Characteristics of a Diagnostic Test

Breast Cancer

Test Yes Mo

False-positive, b
True-negative, d

Positive
Negative

True-positive, a
False-negative, ¢

NOTE. a /a + ¢ = sensitivity; d /b + d = specificity;a/a + b=
positive predictive value; d /¢ + d = negative predictive value.
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of recurrent cancer or death. Studies designed to
evaluate such tests generally attempt to show
systematic differences in subsequent outcome be-
tween groups defined by the test result. In apply-
ing these data, the clinician must determine for an
individual the test group to which she belongs.
While the concepts of sensitivity, specificity, predic-
tive values, true-positive and false-positive are
useful in the diagnostic situation in which a patient
cither does or does not have the disease of
interest, they are slightly less satisfactory in the
time-dependent prognostic situation. If, for exam-
ple, one is predicting disease recurrence in the
5-year period following initial surgery and a high-
risk patient does not develop recurrent disease, is
it fair to say this is a “false-positive”? The fact that
a patient has not developed the disease in the first
5 years after surgery, does not mean that she is no
longer to be considered high risk. She may develop
it in the sixth or seventh year. In this particular
situation the inherent prognostic usefulness of a
test is usually expressed in terms of the relative
risk (RR). For a test that is categorized as either
positive or negative, this is the ratio of the risk of
the bad outcome in patients who test positive to
the risk in those who test negative (Table 2). ARR
of 2 for recurrence means that the patient is twice
as likely to have a recurrence if the test result were
positive than if the test were negative.

Since predictive tests deal with future events,
their validation requires that the time of follow-up
for the study population, which will contain pa-
tients of varying risk, be standardized in some way.
This can be done by studying the cumulative risk in
individuals in the population who have had a
minimum follow-up, eg, 5 years, if we were inter-
ested in the 5-year survival rate for a given test
result. A more efficient method, which allows us to
use the experience of individuals who have been
followed for shorter periods, is to use survival
curves. This has the additional advantage of provid-
ing information about failure patterns throughout
the entire follow-up period. Thus, most published
reports of predictive tests in breast cancer patients

Table 2. Characteristics of a Predictive Test

Recurrent Breast Cancer

Test Yes No
Positive a b
Negative c d

NOTE. RR = a/a + b/c/c + d.
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compare test subgroups in terms of their survival
curves. The optimal scenario for a prognostic test
is depicted in Fig 1. A more likely situation, how-
ever, is shown in Fig 2 in which “the best”
available prognostic test divides patients into
“high-"" and “low-risk” subgroups that have vastly
different subsequent risks but still with a degree of
uncertainty since not all the high-risk group pa-
tients will recur nor all the low-risk group patients
escape the bad outcome. If the test results were
used to decide treatment, more patients would
receive an appropriate therapy, but not without
the occurrence of some over- or under-treatment.

Performance of Tests in the Laboratory

When reading about a new prognostic test in
the literature, the oncologist should attempt to
judge whether the subsequent application of the
test is going to be technically possible in his or her
own setting. The issues related to the technical
aspects of laboratory tests have been reviewed by
Callahan and Campbell."®

Having determined that a test is valid, based on
an adequate study design (see below), technically
feasible, and affordable, the oncologist must then
obtain information about its reproducibility, within
and between laboratories, and its generalizability
to the population to which it will be applied. For
example, over the years, quality assurance mecha-
nisms have been developed, including the establish-
ment of reference centers, to maintain reasonable
interlaboratory agreement for hormone receptor
assays.

The alert oncologist should consider the nature
of the data that are generated by a predictive test
before applying it in practice, since this may affect
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how the results are interpreted. Certain variables,
such as menopausal status, are categorical. For
histologic grade, the categories (I, II, and III) are
also well defined but are ordered in a meaningful
way with respect to prognosis.”** For DNA ploidy
the test is either normal (diploid) or abnormal
(aneuploid).*® Similarly, when using immunohis-
tochemical staining to determine overexpression
of the neu oncogene, overexpression is reported as
either present or absent." Variables such as age,
tumor size, and hormone receptor status are
continuous, since each patient observation theoret-
ically falls somewhere along a continuum. How-
ever, in many instances, often for convenience,
such variables are arbitrarily classified into two
categories and then are considered dichotomous.
In the breast cancer literature, age is often divided
into younger than 50 years and 50 years or older,
tumor size into less than 2 cm and >2 cm, and
hormone receptor status into less than 10 fmol and
> 10 fmol.

Proliferative capacity as measured by DNA S
phase fraction is a continuous variable. However,
in published reports, it is often expressed as
categorical. Some investigators choose the median
of the distribution to divide the population into
two equal-sized groups.® However, this may not be
the most appropriate method for categorizing
patients. (The shape of the relationship between
risk and test result may result in the cutoff with the
best discriminating value not being at the median.)
Another method that has been used to choose the
optimal cutoff for S phase is to choose the value
that yields the most appropriate balance between
positive and negative predictive values.*’ The
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choice of the best cutoff is not an easy one to
make, but one strategy that can reassure the
reader as to the validity of a certain cutoff would
be the strategy of determining a cutoff to discrimi-
nate groups in one cohort of breast cancer patients
and then validating this cutoff in a second group of
breast cancer patients. This strategy was used in
the report by Sigurdsson et al.’ Finally, the cutoff
value obtained for a given population may apply
only to the population from which it is derived and
may not be generalizable to other populations.
Thus, within the same institution, cutoffs identi-
fied in a population of patients with stage II breast
cancer may not be appropriate to identify different
risk categories for patients with stage 1 disease
and, similarly, the generalizability of cutoff values
between institutions is clearly problematic. Dif-
ferent optimal cutoff values for S phase in stage [
breast cancer have been reported.***?

Guidelines for Assessing Studies on Natural History

Studies of prognostic tests that follow cohorts of
patients forward in time are subject to biases that
can be avoided with proper attention to experimen-
tal design. When evaluating published studies on
prognostic tests in breast cancer, the oncologist
should be aware of certain pitfalls in the design,
execution, and analysis that may threaten the
validity of the study.™* Guidelines for critically
appraising published studies on prognostic tests in
breast cancer are presented in Table 3.

An inception cohort of patients should be assem-
bled, that is, patients should be identified at an
early and uniform point (inception) in the course
of their disease. Breast cancer patients should be
identified postmastectomy and followed prospec-
tively, so that both those who develop recurrence
of breast cancer and those who remain disease-
free are included in the study. The type of surgery,
period of patient recruitment, and nature of adju-
vant therapy should be described. A clearly de-
fined inception cohort can minimize the opportu-

Table 3. Criteria for Critically Appraising Studies of
Prognostic Tests in Early-Stage Breast Cancer

Was an inception cohort assembled?

Was the referral pattern described?

Were laboratory and clinical outcomes assessed in a blinded
fashion?

Was complete follow-up achieved?

Was adjustment for extraneous prognostic factors carried out?

Were appropriate statistical methods used?
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nity for bias by avoiding the selection of patients at
a particularly high or low risk of recurrent disease.”
In the study by Slamon et al on the neu oncogene,
tissue samples were obtained from breast cancer
patients who were part of an ongoing study at the
University of Texas, San Antonio." There was,
however, no description of the nature of this study,
the time period over which patients were re-
cruited, and the type of surgery these patients
had." In contrast, in the study reported by Sigurds-
son et al’ on S phase and ploidy, a clear description
of the patients studied was provided. They were
consecutive patients who underwent surgery for
node-negative breast cancer between 1982 and
1986. The baseline disease characteristics of these
patients and type of adjuvant radiation they re-
ceived were also described in detail.

The referral pattern of patients entered into the
study should be described. This can help to deter-
mine whether the study results are generalizable
to patients in one’s own practice. For example,
patients referred to a tertiary cancer center may
have more severe disease than the average patient
(referral bias).”” Presumably, this can be captured
by examining the baseline characteristics of the
patients. This particular issue is illustrated by the
results of a recent randomized trial of adjuvant
chemotherapy in stage I breast cancer reported by
Bonadonna et al.®* The chemotherapy substan-
tially reduced the risk of recurrent breast cancer,
but the trial has been criticized because the failure
rate of approximately 50% in the control group
was felt by some to be much higher than that
anticipated in the “average” patient with stage 1
breast cancer.

In studies of prognostic tests, the assessment of
important clinical and laboratory outcomes should
be performed in a blinded fashion. The perfor-
mance and interpretation of laboratory test results
by an individual who could be aware of the clinical
outcomes should alert the reader to the possibility
of unconscious bias affecting the reporting of
laboratory results. Although the results them-
selves may not have been tampered with, decisions
about inclusion and exclusion of some test results
may have been influenced (eg, the adequacy of a
pathologic preparation). Similarly, if a chart re-
view is performed to obtain information on clinical
events, it should be done by individuals unaware of
the prognostic test result. In nine recent publica-
tions on new prognostic factors in operable breast
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cancer,” only two stated that the laboratory tests
were performed by individuals unaware of clinical
outcome.""*

Outcome results should be available for all
patients who entered the inception cohort. Failure
to achieve complete outcome ascertainment may
lead to a biased assessment of the predictive
ability of a test, since reasons for losses to fol-
low-up may not be distributed evenly between
high- and low-risk subgroups. For example, if
survival results were not available for a group of
patients in the cohort, which was potentially at high
risk for an adverse event, then failure to include
their outcome information could bias the predic-
tive ability of the test. The degree of follow-up for
all patients entered into the study should be
clearly stated.

Other factors that are potentially associated
with the disease in question and that could affect
the prognosis should be clearly described and
adjusted for in the analysis. For example, in a
study evaluating a new predictive test in premeno-
pausal women with node-negative breast cancer,
adjuvant chemotherapy could influence outcome.
If more women with a risk factor that was thought
to identify a high-risk group received adjuvant
chemotherapy, then this could bias the results. In
eight recent studies examining the predictive abil-
ity of prognostic factors in early-stage breast can-
cer, many of the patients received adjuvant
chemotherapy.**'"'* However, in only one of these
studies was there an attempt in the analysis to
adjust for the effect of the chemotherapy on
outcome.’

Appropriate statistical methods should be used
in the study. The results should be analyzed and
presented in such a way that clinically relevant
predictions for outcome can be made. (This will be
discussed at greater length later.) In addition,
sufficiently large numbers of patients should be
included to provide the reader with confidence
that the observed results are correct.

When reading published studies on prognostic
tests in breast cancer, the oncologist should con-
sider the nature of the study design. Prospective
studies such as the randomized control trial and
cohort analytic study (concurrent control, but not
randomized) are more likely to satisfy the method-
ologic guidelines discussed above than retrospec-
tive ones because better control over such impor-
tant components as selection of the study

LEVINE ET AL

population, consistency in the application of the
test, and appropriate assessment of outcome crite-
ria can be maintained. Consequently, there is less
opportunity for bias. A type of study design that is
presently often used to identify prognosticators in
breast cancer is what we will call “a historical
prospective cohort study.” In this design, a group
of patients who have undergone surgery for breast
cancer in the past is identified and then followed
forward to the present time for recurrence or
survival (often they are or were in a randomized
trial). The predictive test is performed on patho-
logic tissue that has been retrieved from the
original surgery, and the result is related to patient
outcome. This design is obviously more efficient
than initiating a cohort and following the patients
for a number of years until there are sufficient
events. However, this design depends on the
ability to retrieve archival material on all patients.
The reader should verify that the patients studied
are representative of the original cohort from
which they were selected to ensure that bias is
minimized. In a recent report on erbB-2 overex-
pression, pathologic material was obtained from
292 patients from the National Surgical Adjuvant
Breast and Bowel Project protocol B-06, and
methods of selection were not stated. There
were, however, over 1,000 patients originally re-
cruited in this trial, and an obvious issue is
whether the study sample is truly representative of
the entire population.

In a case-control study (retrospective), breast
cancer patients with an adverse outcome, eg,
recurrence or death, are compared with breast
cancer patients who have not experienced such an
event in terms of the predictive test. This particu-
lar study design is subject to greater opportunities
for the introduction of bias compared with other
study designs.”

Statistical Analysis

When reading published studies on prognostic
tests in breast cancer, the oncologist often is faced
with a variety of statistical analyses that can
appear quite complicated. An in-depth discussion
of analyses for prognostic tests is beyond the scope
of this report, but certain salient features will be
highlighted.

A particular pattern of statistical analysis has
emerged in published studies of prognostic tests in
breast cancer. A simple way to identify prognostic
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variables is to examine individually the relation-
ship of each variable to the length of survival or
remission. For each variable, patients are grouped
according to different cutoffs of the variable,
yielding subgroups, for example, less than three
nodes versus three or more nodes. Actuarial
survival curves for the various subgroups defined
by the variable of interest are presented and then
compared to determine risk categories using a
statistical test, eg, the log-rank test.” A second
variable is selected, broken down into defined
subgroups, and the survival experience of these
groups is again compared to determine risk catego-
ries. This process may then be repeated for any
number of variables. Such an approach to analysis
is termed “multiple univariate comparisons” and
can be problematic for two reasons. First, the
more comparisons that are tested statistically, the
more likely one is to find a “statistically significant™
relationship by chance alone.® This may account
for some of the inconsistencies observed between
studies. The reader is more likely to be reassured
that a particular variable defines a high-risk group
if that variable consistently predicts outcome in
several studies. The second problem is how to
handle the predictive value of combinations of
tests since individual tests, such as menopausal
status, histologic grade, and hormone receptor
status may be highly correlated. For example,
patients who are premenopausal are more likely to
be estrogen receptor (ER)-negative than post-
menopausal women, and ER-negative tumors are
more likely to have a poor histologic grade. In an
attempt to address this problem, published studies
will typically compare the survival experience of
patient subgroups defined by a combination of
tests, To illustrate, if menopausal status can be
divided into pre- and postmenopausal, and ER
into positive and negative, then there are four
possible subgroups that can be characterized. The
subsequent risk in each group can then be summa-
rized in a survival curve or the proportion of
subjects experiencing the bad outcome in a de-
fined time period, ie, the survival of premeno-
pausal ER-negative patients is compared with that
of premenopausal ER-positive patients. However,
this process reduces the number of patients in the
subgroups of interest thereby reducing the power
to detect a clinically important risk difference
between the groups, a type 11 error.”

Since stratification by multiple prognostic fac-
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tors will inevitably run out of data, analysts usually
resort to a modeling approach. The model allows
for the investigation of the relative importance of a
number of correlated prognostic factors but re-
quires one to make some assumptions about how
two or more factors exert their influence together.
The most commonly used approach is the Cox
proportional hazards model.*®' The results of
such an analysis provide information on whether a
particular test contributes to prognosis indepen-
dently, ie, when the contribution of other tests
have been accounted (adjusted) for. If the P value
associated with a particular factor in the model is
significant, then the factor provides additional
independent information on prognosis. As the
name implies, the model’s basic assumption is that
the risk for a patient with a positive test will be a
constant multiple of the equivalent risk for a
negative-test patient over time. The risk multiplier
produced by a positive test is simply the RR
mentioned earlier and can be derived by a simple
calculation.™

When modeling the combined influences of two
tests it is natural to assume as a starting point that
the two individual RRs multiply together if both
tests are positive. Thus, if test 1 has an RR of 1.5
and test 2 one of 2, a patient with both tests
positive would be at 1.5 X 2 equals three times the
risk compared with a patient with both tests
negative. The fact that we are essentially implying
by this multiplicative mode! that the two tests
convey independent influences on risk does not
mean that the test results themselves are uncorre-
lated.

The Cox regression model has been used in a
number of recent publications on prognosticators
in early-stage breast cancer.*>'"'® In some of the
studies, however, RRs were not presented.' In
the report by Sigurdsson et al about patients with
node-negative breast cancer, a Cox model was
performed and examined for the effect of the
following factors on outcome, S phase, tumor size,
progesterone receptor (PR), ER, ploidy, and age.’
Only S phase and age had a statistically significant
influence on survival. The RR associated with S
phase fraction greater than 12% was 2.1 and that
with age less than 50 years was 0.4. This report also
provides an example of how information from a
Cox model was used to develop a predictive index
based on the number of risk factors present. The
survival of the subgroup of patients who had all
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factors at high risk was calculated and compared
with the survival of the subgroup with all high-risk
factors absent and to the subgroup with only some
high-risk factors present. The validity of such an
index depends on the precision of the estimate of
survival for the subgroup, ie, if there are very few
patients in the subgroup, the “true” survival of the
subgroup may fall within a wide range.

AN APPROACH TO INTERPRETATION OF
PREDICTIVE MODELS

A number of variables that have been used to
predict prognosis in breast cancer are simple to
perform, have established interlaboratory reliabil-
ity, and are relatively inexpensive. These include
axillary nodal status, patient age, tumor size, ER
status, PR status, and histologic grade (although
there are some who may dispute the merits of this
last test™). There are now a number of ongoing
clinical trials in which not only are these routine
tests performed, but tests such as neu oncogene, S
phase, and ploidy are being performed prospec-
tively on all patients. One can anticipate in the
near future that results of analyses on the prognos-
tic ability of all these tests, both old and new, will
be published. How can it be determined whether a
new prognostic test provides additional predictive
information to the more traditional ones? The
following approach is suggested when considering
this question.

First, the Cox regression analysis is performed,
which includes all of the above routine variables to
determine which predicts independently for out-
come. The results presented should include not
only a P value, but also an RR and the number of
patients in each category. Consider the following
hypothetic data for a group of 200 women with
node-negative breast cancer in which each factor
is expressed dichotomously: age (< 50, > 50),
P=3,RR =1.1;size (< 2, > 2),P = .00, RR =
2.1; ER (< 10, = 10), P = .23, RR = 0.85; PR
(< 10, = 10), P = .03, RR = 1.7; and grade (high,
low), P = .3, RR = 0.95.

Only size and PR predict independently for
breast cancer recurrence as shown by the P values.
In order to derive an overall RR for the popula-
tion, these two RRs can be multiplied, ie, 2.1 X
1.7 = 3.6 (for this approach, we have made the
assumption that there are no interactions). This
means that the risk of recurrence for a patient with
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atumor > 2 cm and a PR less than 10 is 3.6 times
that for a patient whose tumor is less than 2 cm
and PR > 10. There were 50 such patients with
both high-risk factors present. Although a RR
provides more clinically relevant information than
a coefficient or P value, there are those who still
might have some difficulty with this concept. In
such cases, the relapse-free survival of patients
with less than 2 cm and PR > 10 tumors can be
presented and compared to that of patients with
tumors > 2 cm and PR less than 10.

To determine whether a new test provides
additional predictive information over that pro-
vided by more traditional tests, the Cox analysis is
now repeated with all of the above more tradi-
tional variables plus the new test. Suppose DNA
ploidy is added to the above tests in our cohort of
200 women with node-negative breast cancer.
Now, not only size and PR predict independently
for recurrence (RRs of 1.8 and 1.7, respectively),
but also aneuploidy is associated with a RR of 2.0
compared with diploid tumors. The overall RR is
now 6.1 (1.8 x 1.7 x 2.0) for the 45 patients who
have all three factors predicting a high risk of
recurrence compared with patients without any of
these high risk factors.

Consider another cohort of 200 patients with
node-negative breast cancer who have all the
above tests including ploidy performed. In this
situation, only size and ploidy predict indepen-
dently for breast cancer recurrence, with RRs of
1.5 and 2.5, respectively. The overall RR is now 3.7
(1.5 x 2.5). Notice, however, that with ploidy now
added to the model, no additional clinically useful
predictive information is provided compared with
using only the more traditional tests as presented
earlier. In addition, ploidy by itself might “look
good,” but its additional information might be low.

Although this section has dealt with analysis
and methods to present results in a clinically
meaningful way, the final decision of whether
adjuvant treatment should be used is based on a
clear presentation of the risks and benefits to the
patient.

MAKING THE CLINICAL DECISION

Recently, results from a number of clinical trials
have demonstrated that adjuvant chemotherapy in
patients with stage I breast cancer reduces the
recurrence rate by approximately 30% within the
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first 4 years after initial surgery.”* However, in
some studies, this has not yet been translated into
a survival benefit. The issue of whether to use
adjuvant chemotherapy in stage I breast cancer
patients has sparked much discussion and
controversy.”” The availability of prognostic tests
does not relieve the clinician from the burden of
making clinical decisions. The oncologist in our
scenario must make two kinds of decisions: (1)
which prognostic test(s) should be measured, and
given the prognostic information, (2) what treat-
ment option should be recommended?

If all prognostic tests provided identical informa-
tion, then only one would be needed, and the
choice would depend on feasibility and cost. For
example, if it were found that tumor grade pro-
vided all of the information required for making a
decision, then it would be unnecessary to incur the
costs and time associated with obtaining further
information. Whether or not further investigation
is warranted depends on the answer to the follow-
ing question, “At what risk of recurrence am I
prepared to recommend treatment with adjuvant
therapy in an individual patient?”

If the answer to the above question is that
treatment is justified for any risk greater than that
of the general population, then all patients with
stage I breast cancer should receive therapy and it
would not be necessary to measure any predictive
tests. The clinician who is not prepared to follow
this approach must then make a judgment regard-
ing the risk of breast cancer recurrence that would
justify therapy. Such judgments are commonplace
in clinical medicine where clinicians must weigh
potential benefits of an effective therapeutic inter-
vention against the cost of side effects and other
risks.

In one of the examples presented above, the RR
of recurrence for patients with tumors > 2 cm and
PR less than 10 is 3.6 compared with patients with
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tumors less than 2 cm and PR > 10. Although a
risk of 3.6 appears substantial, it must be related to
the average risk of the node-negative population
as a whole and the low-risk group. For example, if
the cumulative recurrence rate for patients with
tumors less than 2 cm and PR > 10 was 2% (low
risk), then the cumulative risk for the high-risk
group would be of the magnitude of 7.2% (2 x 3.6).
The issue now, despite an established risk reduc-
tion for recurrence of approximately 30% with
chemotherapy, is whether a 7.2% risk of failure
warrants adjuvant therapy (and even performing
the tests). Some patients (and physicians) may feel
that this risk is small and not worth undergoing the
morbidity of therapy, while other patients (physi-
cians) may feel that a 7.2% risk is still significant
and, hence, worth undergoing therapy. On the
other hand, the decision to treat would likely be
different if the cumulative recurrence rate for the
low-risk group was 10%, but increased to 36%
(10 x 3.6) in the high-risk group. Thus, decisions
about treatment are related to underlying risks,
the relative increase in risk conferred by a particu-
lar prognostic factor, and the relative effectiveness
of the available intervention. Similarly, how should
physicians deal with patients who have a mixture
of prognostic factors (ie, some good and some
bad)? The clinician needs to judge the quality of
the published information, categorize a particular
patient into high, intermediate, or low risk (per-
haps more weight should be placed on the worst
prognostic factor), and then present this informa-
tion to the patient.”

The decision regarding what particular thresh-
old value defined by a prognostic test (or series of
tests) warrants adjuvant therapy for an individual
patient is a complex one, but clearly a well-
informed patient should be part of the decision-
making process.
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